Patients/Participants: Eighteen surgeons assessed probability of healing above a threshold malalignment (often referred to as fracture "instability") for 71 fractures based on radiographs taken initially and after closed reduction and cast application. The probability of losing alignment according to the EWC was dichotomized (likely to lose alignment $0.5 vs. unlikely ,0.5).
INTRODUCTION
Distal radius fractures (DRFs) can lose alignment after closed reduction and cast or splint immobilization. Fractures that heal above a certain threshold malalignment are commonly referred to as "unstable". [1] [2] [3] [4] [5] The ability to estimate the probability of healing with a specific amount of a malalignment would help patients decide between operative and nonoperative treatment. Several factors are associated with an increased likelihood of loss of alignment, including age, dorsal angulation, metaphyseal comminution, and ulnar variance of the fracture. 5, 6 Experts may interpret these risk factors variably, resulting in inconsistent estimates of healing above a threshold malalignment. The complexity of accurate prediction is observed in other fields. 7, 8 The Edinburgh wrist calculator (EWC; http:// www.trauma.co.uk/wristcalc), a clinical prediction formula based on statistical evaluation of 4000 fractures, can aid in decision making. A recent study validated the EWC in a different data set. 9 In other fields, prediction rules have consistently demonstrated superior performance compared with expert opinion (EO). 10 Majority rule (MR, also known as Condorcet jury theorem) was first described by Marquis de Condorcet in 1785. 11, 12 According to the MR theory, in dichotomized problems with a correct option, the "wisdom" of the reviewers aggregates when the number of reviewers increases. This aggregation will only occur if the independent reviewers' judgments are mostly correct (probability . 0.5 for the single judgment).
The purpose of this study was to compare the accuracy and reliability of EWC, EO, and MR in predicting healing above a threshold malalignment ("instability") of a DRF.
METHODS
The research material was prospectively collected as a part of an epidemiological study comprising all DRFs between January 2008 and December 2008 in the catchment area of Oulu University Hospital. 13 After obtaining institutional review board approval, all these consecutive DRF radiographs were reviewed from a centralized radiological database. We included displaced and nondisplaced fractures that were both clinically and radiologically diagnosed as acute (,7 days old) and isolated DRF in an adult patient 18 years of age and older. Primary standard anteroposterior and lateral radiographs before and immediately after closed manipulation and cast immobilization, as well as at 6-week follow-up visit at outpatient clinic needed to be available. All displaced fractures underwent closed reduction and cast application (nondisplaced fractures were not manipulated). Fractures had to meet our standards for acceptable reduction after closed manipulation and/or application of cast: #0 degree dorsal angulation, #3 mm ulnar variance, and $15 degrees radioulnar inclination. Two independent investigators evaluated the radiographs and if they did not reach mutual consensus, the fracture was excluded. We excluded fractures that did not meet the criteria of acceptable final position after initial closed reduction or settled into a nonacceptable final position within 2 weeks. The threshold for final acceptable alignment on radiographs was #10 degrees dorsal tilt, #2 mm ulnar variance, $15 degrees inclination, and #1-mm articular step or gap. Other exclusion criteria were as follows: patients with missing data (ie, if radiographs were not available after closed reduction and/or application of cast or at 6-week follow-up) and the presence of concomitant fractures (Fig. 1, Table 1 ).
Nine orthopaedic surgeons (upper limb specialists and orthopaedic trauma surgeons) and 9 hand surgeons who all regularly treated DRF at 2 tertiary referral centers and 1 secondary referral center in Finland were asked their opinion whether fracture in question would heal above or below the malalignment threshold (Table 2 ). Patient age, sex, and mechanism of trauma were provided with the radiographs. The participants evaluated the radiographs taken initially and after the closed reduction and cast application. Surgeons were blinded to the final radiological outcome. After 6 months, the same surgeons assessed the same fractures in an alternative order.
MR was defined as the choice of more than 50% of the surgeons. Two surgeons (T.L. and T.K.) assessed the probability of loss of alignment based on the EWC, 14 which takes into account patient age, initial dorsal angulation, metaphyseal comminution, and ulnar variance of the fracture, and independence of the patient. The EWC yields a probability of healing with malalignment greater than the threshold between 0 and 1. The result of EWC was dichotomized to not likely to lose alignment if the EWC probability was ,0.5 and likely to lose alignment if it was $0.5. The study that presented the EWC defined the ulnar variance by comparing it to the contralateral side, but we assumed a neutral variance.
The accuracy, sensitivity, specificity, positive predictive value, and negative predictive value (NPV) of diagnosis of healing with greater than threshold malalignment were calculated for each method for each fracture. The 95% confidence interval (95% CI) was calculated for each variable with the Wilson method when applicable.
The Kappa coefficient was used to calculate intrarater reliability for independent reviewers and MR and interrater reliability for independent reviewers and EWC. Fleiss kappa 
RESULTS
A total of 229 DRFs were identified and 158 fractures were excluded: 29 did not meet the study criteria of acceptable final position after closed reduction; 55 had alignment greater than acceptable limits during the first 2 weeks after reduction and were offered surgery; 48 had missing data; 8 had previous or other ipsilateral fractures; and for 18 fractures there was reviewer disagreement about acceptable alignment after reduction. The remaining 71 fractures (22 with initially acceptable alignment that were not reduced and 49 that were reduced) were treated with cast immobilization and included in the study (Fig. 1) . Of these 71 fractures, 34 (48%) healed with greater than threshold malalignment (they were "unstable") and 37 (52%) did not (Fig. 1, Table 1 ).
The mean kappa coefficient for intrarater reliability was 0.58 (moderate) (95% CI: 0.29-0.77) for EO and 0.88 (excellent) (95% CI: 0.82-0.94) for MR. The Fleiss kappa coefficient for interrater reliability was 0.44 (moderate) for EO, and the standard kappa coefficient for interrater reliability was 0.63 (good) (95% CI: 0.53-0.94) for EWC. The experts agreed unanimously with each other 8 times (11% of fractures) in the first round; of these unanimous agreements, 6 fractures were correctly judged. In the second round, the experts agreed 10 times (14%), of which all were correctly judged. The mean kappa coefficient for reliability of EO compared with reality was 0.32 (poor) (95% CI: 0.17-0.49). Reliability of the 4 experts was negligible ( Table 3) .
The accuracy of prediction of healing above a threshold alignment (fracture "instability") was limited for all techniques, but the best for the probability calculator and MR was better than average EO. All methods performed well with initially nondisplaced fractures, of which only 2 healed with greater than threshold malalignment (Table 4 ). There were no significant differences in accuracy, sensitivity, or specificity between orthopaedic and hand surgeons or between the first and second rounds.
DISCUSSION
The purpose of this study was to compare the accuracy and reliability parameters of EWC, EO, and MR and to assess which method might be the most suitable for clinical use. None of the methods could accurately detect fractures more likely than not to heal with alignment above the threshold. EO was the least reliable and accurate method to predict healing of greater than threshold malalignment. Therefore, EO of this prediction may not be useful for informing the patient and assisting with decision making between nonoperative and operative treatment. The EWC was the most reliable technique. However, the positive predictive value of the dichotomized EWC may not be high enough (0.56 and 0.59) for most patients to justify surgery as long as the alignment is acceptable in a cast. The high NPV gives patients substantial confidence in choosing nonoperative treatment when they have a lower than 50% probability of healing with greater than threshold malalignment using the EWC.
Several things should be kept in mind when interpreting this study. Radiological measurements are imprecise, and thresholds for malalignment are arbitrary and variable between studies. [1] [2] [3] We used the same radiographic thresholds for acceptable initial reduction and acceptable final alignment as used in the original development of the EWC. The accuracy of MR might have increased with more surgeon raters. With a mean accuracy of 59%, we might reach 90% accuracy with 80 EOs. But this is currently impractical for everyday fracture 49 care. Our analysis dichotomized adequate final alignment, but the numerical estimates of the probability of healing above a threshold malalignment might be useful to patients. This study addresses radiological outcome rather than functional outcome. The radiological malalignment does not necessarily cause poor functional outcome, especially less active or more infirm people. [15] [16] [17] Only 2 surgeons evaluated the data using the EWC, so the estimates of reliability might not be generalizable. Use of the EWC for all the surgeons was not possible, as that might have affected the EO judgments. Therefore, another study with different fractures is needed to measure the interrater reliability of EWC. We excluded a significant number of fractures that showed any early loss of threshold alignment within 2 weeks. Therefore, the results only apply to DRFs with later loss of threshold alignment and to fractures that were within the threshold for final alignment after injury, or were reducible to the strict criteria for acceptable reduction.
Patients and surgeons that accept less strict thresholds for postreduction alignment may observe different results. The ability of experts to predict fracture behavior based on initial radiographs is also poor among scaphoid fractures. 18 The arbitrariness of experts' intuitive weighing of the factors can be explained by several different mechanisms. First, routine clinical prediction is not based solely on the use of published predictive factors; rather, it is mixed with personal hopes and heuristics (mental short cuts) and shaped by one's experience and opinions. Second, individuals tend to vary their behavior according to previous successes or failures. 8 But we may not realize that after we deem the fracture "unstable" (likely to heal above threshold malalignment) and proceed to surgery, we will lose the opportunity to learn whether our prediction was incorrect. This results in a self-fulfilling prophecy that feeds self-confidence. This is particularly problematic for young patients who are statistically less likely to lose alignment, but may be less satisfied with delayed loss of threshold malalignment leading to later surgery. 19, 20 Facing potential dissatisfaction surgeons may be more predisposed to recommend surgery. However, because older patients are most likely to have fractures that displace but are more accepting of malalignment, we may be more comfortable with a choice of nonoperative treatment and we may monitor the alignment less frequently. This results in another kind of confirmation bias because we may not learn from our incorrect judgments when older patients with fractures that are deemed unlikely to lose alignment might not be monitored routinely.
This study establishes the ability of a probability calculator based on data from a large number of fractures to provide better estimates of healing with greater than threshold malalignment ("fracture instability") than EO. Given the good NPV of the EWC patients with a probability of losing alignment less than 0.5 can feel comfortable with a choice for nonoperative treatment. This supports a potential strategy of giving patients the option of skipping a return visit and repeat radiograph when the fracture is well aligned or well reduced and risk of loss of alignment is low. 
